We studied the binding of Bauhinia purpurea lectin (BPA) to human tonsils and peripheral blood mononuclear cells by immunohistochemical, immunoelectron miaompic, and flow cytometric techniques. The effea of several fmtives (acetone, ethanol, buffered and non-buffered formalin, B5, Bodian 11, Bouin's, Carnoy's, Zeder's, and glutaraldehyde) was also examined. BPA was reactive with germinal center lymphocytes, macrophageslhistiocytes, follicular dendritic cells, squamous epithelial cells, and a subset of endothelial cells. Mantle zone and paracortical lymphocytes were nonreactive with BPA. The profile of the specific binding characteristic of BPA lectin was found to be influenced by the fmtives. Most significnntly, formalin fmtion greatly reduced overall binding intensity, particularly making germinal center lymphocytes totally non-reactive. The reaction intensity was most prominent in frozen sections or those fmed in Carnoy's or ethanol solution. The combination of heavy metal salt-containing fmatives with acetic acid usually did not enhance BPA binding. Glutaraldehyde solution used for immunoelectron microscopic study also preserved BPA recep-
Introduction
Lectins are proteins or glycoproteins found in plants, animals, and microorganisms, which have a specific binding affinity for carbohydrate molecules (1) . Although the terminal sugar residues in carbohydrates are most important for the binding of different lectins, the sugars within carbohydrate chains can also affect the binding of lectins (2) . Therefore, lectins with the same sugar specificities need not show the same staining pattern in tissue sections. There are many galactosyl-binding lectins (3), among which only peanut agglutinin (PNA) distinguishes germinal center cells from the sur-' Correspondence to: Tadaatsu Akagi, Dept. of Pathology, Okayama Univ. Medical School, 2 chome, Shikata cho, Okayama 700, Japan. tors fairly well, and BPA was confined to the membrane in lymphocytes and to both the membrane and cytoplasm in macrophageslhistiocytes and follicular dendritic cells. Neuraminidase treatment of tissues resulted in binding of BPA to lymphocytes that were non-reactive before treatment. Double-staining studies on cell suspensions from tonsils with FIX-BPA and PE-conjugated anti-CD3 or SIg reagents revealed that 28.4% of CD3' cells and 61.3% of SIg+ cells were BPA reactive. In PBL, 65.6% and 81.4% of CD3' and SIg' cells, respectively, were BPA reactive. Neuraminidase treatment also inaeased the percentage of BPA-reactive lymphocytes. In conclusion, BPA is a marker for maaophageslhistiocytes and germinal center lymphocytes, provided that the tissues are unfixed or fmed with suitable fmatives such as ethanol 7, 1993) rounding lymphocytes in the human tonsil (4,5). Therefore, small changes within the carbohydrate chains can also affect the binding of lectins. Lectin binding with human lymphoreticular tissues is also affected by fixatives (6) .
Bauhiniapurpurea lectin (BPA), with a binding specificity for i%acetyl-D-galactosamine (7) and consisting of four subunits each having a molecular weight of30 KD (8), has been previously reported as a marker for Reed-Sternberg cells of Hodgkin's disease and as being non-reactive with non-Hodgkin's lymphoma (9) , but no attention has yet been directed towards characterizing BPA-binding patterns in lymphoreticular tissues. The present study was undertaken to investigate BPA binding in hyperplastic human tonsils and peripheral blood mononuclear cells (PBM). Since lectin binding is often affected by fixatives, we also examined several fixatives to select those suitable for BPA. of the tissues was snap-frozen in liquid nitrogen. When sufficient tissues were available. a portion was w d to prepare single-cell suspensions by teasing tiny pieces of tissues with a glass homogenizer in RPMI-1640 medium containing 10% fetal calfserum (FCS). Peripheral blood obtained by venipuncture from five normal donors was subjected to isolation of mononuclear
Materials and Methods
Cells and TissueS. Tonsils were surgically removed from 10 patients aged 6-26 years who had evidence of tonsillitis. Tissues were fmed in different fmtive solutions and processed for routine histological sections. A portion lmmunoperoxidase Sraining. Cryostat sections. unfixed or fixed in acetone at room temperature, and deparaffinized sections were subjected to immunoperoxidase staining for BPA. Nonspecific binding of the immunoglobulin was inhibited by normal goat serum, and the endogenous peroxidase was then blocked by methanoLH202. To compare the effect of trypsin digestion on BPA reactivity, sections were processed with or without trypsinization. In cases in which trypsinization was carried out, the sections were incubated for 30 min at 37'C. Both trypsinized and untrypsinized sections were incubated with biotinylated BPA (15 pglml) (EY Laboratories; San Mateo, CA) for 1 hr at room temperature in a moist cham-ber. The slides were then washed with PBS and incubated with avidin-biotin-peroxidase complex (ICN Biomedicals; Costa Mesa, CA) for 30 min. Color was developed in diaminobenzidine (DAB) containing H202. Slides were then counterstained with Mayer's hematoxylin and mounted. Controls for BPA specificity were prepared as previously described (10.11): (a) omission of biotin-labeled BPA; (b) blockage of BPA binding, in which biotin-labeled BPA was fint incubated with 0.1 M N-acetyl-D-galactosamine solution for 20 min at room temperature before being applied to the sections; and (c) displacement of pre-bound biotin-labeled BPA in tissue sections by immersion of the sections in 0.1 M sugar for 20 min. The staining reaction was abolished in all control tests. Double Immunostaining. Paraffin sections fixed in Carnoy's solution were doubly stained for simultaneous recognition of BPA and UCHLl (CD45RO) or Pan-B (CD20) in the same section by the immunoalkaline phosphatase method with the Vectastain ABC Kit (Vector Laboratories; Burlingame. CA) for BPA and then by the indirect immonoperoxidase method for UCHLl or Pan-B. The immunoalkaline phosphatase method Hialeah, FL). To elucidate the effm of the fmtives. cells were treated with 10% buffcred formalin or 95% ethanol for 3-6 hr before application of FITCBPA.
Nennminidve Treatment. Tissue sections or cells were treated with neuraminidase (from Vibto cbokrae) (Behringwerke; MarburglLahn, Germany) (1 Ulml) at O.OO2,0.005 or 0.01 Ulml in PBS More being incubated with biotin-labeled BPA or FIX-BPA. The sections were incubated with neuraminidase for 30 min at room temperature, and the cells for 15 min at 4%. Immunoelccaon Microscopy. Tissues (5 x 5 x 2 m") were fixed in 3% glutaraldehyde for 24 hr and cut into serial sections 40-50 pm in thickness with a DTK-300 microslicer (Do& EM; Kyoto, Japan). The sections were incubated in normal goat scrum, washed with PBS, and incubated with biotin-labeled BPA (15 pglml) for 24 hr. They were washed with PBS for 24 hr, reacted with peroxidase-conjugated sueptavidin for 1 hr. and washed again with PBS. After pre-incubation with DAB without HzOz for 30 min. they were incubated in DAB-HzOz solution for 10 min. All procedures were carried out at room temperature. After post-fixation in 1% osmium tetroxide for 15 min. the sections were washed, dehydrated through a graded series of ethanol, and embedded in an epoxy resin. Ultra-thin, non-counterstained sections were examined with a Nihon Denshi Jeol electron microscope.
ReSUltS

Immunobirtocbemktry
Nine different fixatives were used for immunohistochemical staining. The reactivity of BPA in different fixatives is summarized in a b l e 1. Adequate morphological preservation of the tissue was provided by all fixatives employed. Except for formalin fixation, in which the lymphocytes were totally non-reactive, BPA reacted with germinal center lymphocytes but not with mantle zone and paracortical lymphocytes. BPA staining of germinal center lymphocytes was relatively strong in frozen sections and in specimens fixed in Carnoy's or ethanol solution, compared with those fixed in Bouin's, BS, Zenker's, or Bodian's solution, which markedly weakened BPA reactivity in most of the cases (Figure la) . In Zenker's and Bodian's solutions, background staining obscured the BPA reactivity. BPA was also reactive with macrophages/histiocytes, follicular dendritic cells, and stratified squamous epithelium. BPA staining of macrophages/histiocytes was uniformly strong in all fixatives (Figure 1b) . When positive, a membrane-staining pattern was observed in the lymphoid cells. Alternatively, macrophages/ histiocytes and follicular dendritic cells showed both membrane and dense cytoplasmic staining patterns. This spatial specificity of BPA binding was confirmed by immunoelecuon microscopy (Figures  2a-2c) . The BPA staining of stratified squamous epithelium was stronger in the upper layer, and a distinctive membrane staining was discernible. Endothelial cells of the blood vessel were only occasionally stained. Neuraminidase treatment of the tissue sections before applica-tion of biotin-labeled BPA revealed all lymphocytes to be reactive, irrespective of the spatial distribution. This effect was not observed in all fixations. In formalin fixation, germinal center lymphocytes were still non-reactive but other lymphocytes, such as those in the mantle zone and paracortical areas, were reactive. The reaction profiles were similar in all fixatives and became stronger with increasing concentrations of neuraminidase. BPA staining was blocked by N-acetyl-D-galactosamine. We could not find any difference in the reactivity between trypsinized and non-trypsinized sections. No correlation was found between the reactions and blood group status. By double staining, most B-cells and some T-cells in the germinal center were found to be BPA' (Figures 3a and 3b ).
Flow Cytometry
Flow cytometric analysis revealed unfixed lymphocytes either from tonsils or peripheral blood to be BPA reactive. This reactivity was affected by formalin fixation (Figure 4a ; Table 2 ). Cell suspensions fixed with ethanol produced no significant changes in the reactivity compared with that of unfixed cells (Figure 4b ; Table 2 ). Neuraminidase treatment of lymphocytes before incubation with FIK-BPA increased the intensity and percentage of BPA-reactive cells, and this intensity was also concentration dependent (Table 3) . Double staining of the lymphocytes from tonsils with FIX-BPA and PE-conjugated antLCD3 or SIg showed that 28.4% of CD3' lymphocytes and 61.3% of SIg' lymphocytes were BPA reactive, and from PBMs, 65.6% and 81.4% of CD3+ and SIg' lymphocytes, respectively, were BPA reactive ( Figure 5 ).
Discussion
We have previously reported that BPA binds to Reed-Sternberg cells of Hodgkin's disease and is non-reactive with non-Hodgkin's lymphoma in formalin-fixed, paraffin-embedded tissue sections (9) . In the present study we have demonstrated that BPA binds to germinal center lymphocytes and macrophages/histiocytes of human tonsils but that its binding was dependent on the fixatives used. In tissues fixed with formalin, the fixative used most commonly for routine laboratory practice, no BPA binding for lymphocytes was observed in comparison with that in frozen and paraffin sections fixed with other solutions. Glutaraldehyde solution used for electron microscopic study showed uniform binding to lymphocytes, macrophages, and follicular dendritic cells. Formalin causes cross-linking of proteins and affects carbohydrate and fatty acid components (12). Although glutaraldehyde develops fixing action by a mechanism similar to formalin, protein cross-linking is less firm than with formalin fixation (E), and carbohydrate and fatty acids seem to be less affected by glutaraldehyde. The combination of heavy metal salt-containing fixatives with acetic acid usually did not enhance BPA binding. In tissues fixed with Zenker's and Bodian's solutions, extensive displacement of glycosubstances secondary to diffusion interfered with their precise localization. With such solutions, nonspecific background staining obscured the cytochemical reactivity. After fixation with Carnoy's fluid or ethanol, on the other hand, specific staining of glycoconjugate was obtained with minimal or no background reactivity and diffusion artifact. Ethanol fixation causes no cross-linking between protein chains, and the membranes of ethanol-fixed cells are relatively mobile (12). This may leave more sites exposed in the glycoconjugate to accommodate binding. Concomitantly, there should be less stearic hindrance of the lectin-binding molecules. Although certain lipid components probably become lost by dissolution, carbohydrate components may not be affected. Carnoy's solution successfully protected BPA-reactive groups from either extraction or masking in subsequent processing, or from both. It is likely that fixation causes masking of reactive groups, as well as unmasking of these groups or appearance of new groups by subsequent processing. The results with Bouin's fixative are probably due to the picric acid component, which is a powerful protein precipitant that forms proteinpicrate in the tissues, but carbohydrates are probably retained by their association with the protein. Fixing with heavy metal salt solutions has, in fact, resulted in similar lectin-binding patterns to formalin fixation, which indicated that the effect of formalin is not reversed by mercuric chloride or other salts. It is assumed that the fixing action of the primary agents or basic fixing solutions somehow alters the structural components of the cell membrane that are not accessible to BPA. However, the influence of different fixatives on the lectin binding differed among the various lectins used (12). Therefore, it is necessary to search for the most suitable fixatives for each lectin.
Among galactosyl-binding lectins, reports have been published on PNA reaction with germinal center cells of human tonsil (4, 5) . The selective binding of PNA to germinal center lymphocytes was demonstrated in frozen sections (4,5), whereas Wirbel et al. (6) observed some paracortical lymphocytes also to be reactive. PNA is non-reactive with lymphoid cells in formalin-fixed paraffin sections (10,13) as seen in BPA, but after neuraminidase treatment all lymphocytes, including germinal center cells, became reactive in all fixatives (data not shown). Furthermore, PNA binds to mantle zone lymphocytes in ethanol-fixed sections (13). In sharp contrast, BPA was not reactive with mantle zone lymphocytes in all fixatives. Even after neuraminidase treatment, BPA did not bind to germinal center lymphocytes in formalin-fixed tissues. As shown from these observations, BPA and PNA have a similar sugar specificity and exhibited a similar overall reactive pattern, but they were somewhat differently affected by fixatives. These differences might be due to the structural difference between these two lectins because PNA is a tetrameric, carbohydrate-free protein, and is devoid of cysteine (14) , whereas BPA is a tetramer of a single glycopeptide (15) and contains up to six residues of cysteine per unit (7) . BPA binding with lymphocytes was increased with neuraminidase treatment, which suggests that BPA-binding sites of lymphocytes may be masked by sialic acid, as shown for PNA (4, 16) . However, BPA-specific glycoconjugates of the germinal center lymphocytes may be irreversibly destroyed by formalin fixation. The reason why glycoconjugates of the germinal center lymphocytes are susceptible to formalin fixation and resistant to other fixatives is not known.
In flow cytometric analyses, some lymphocytes were reactive even after formalin fixation, which is in contrast to the immunohistochemical findings. This may be due to the fact that the reactivity in tissue sections, if it occurs, is so negligible that it cannot be identified by light microscopy. By double immunostaining of the tissue sections we observed that the majority of the germinal center B-lymphocytes are reactive, suggesting that BPA is a marker for germinal center B-cells, provided that the tissues are unfixed or are fixed with suitable fixatives such as ethanol or Carnoy's solution.
The present study revealed that BPA binds to follicular dendritic cells, macrophages, squamous epithelial cells, and a subset of endothelial cells of the tonsil, as well as to lymphocytes. It is necessary to establish whether these cells share the same BPA-binding macromolecules. It is, however, rather likely that a number of structurally different macromolecules can bind BPA.
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